, and hence no carrier effective mass m* available; b) estimated from E g = 2eS max T; c) this study.
Fig. 1S
. Carrier concentration as a function of Sb content and Ge content for sample Mg 2 Sn 1-x-y Ge x Sb y . It is clearly shown that the carrier concentration varies with Sb rather than Ge in Mg 2 Sn 1-x-y Ge x Sb y . 
A. Expression of ZT by using Fermi-Dirac statistics in a two-band model
We consider two simple band, i.e. one parabolic conduction band and one parabolic valence band. By applying Simon's theory [J. Appl. Phys. 33, 1830 (1962 ] the electrical conductivity σ, Seebeck coefficient S, and thermal conductivity κ could expressed by the contribution of both bands as following,
where the subscript e and h represent the conduction band and valence band, respectively. Furthermore, the σ i and S i could be expressed by using Fermi-Dirac statistics, ,
By introducing a new parameter γ = σ e/ σ h for simplification and the relationships of ξ f_e = ξ f and ξ f_h = -ξ f -ξ g , the definition of ZT, i.e., ZT = S 2 σT/κ, could turns into following , 
Here, ξ f was calculated from the measured Seebeck coefficient (S) with acoustic phonon scattering as dominant scattering mechanism, i.e., s = -1/2.
The carrier concentration n was calculated from measured Hall coefficient (R H ) and Hall factor r H , ,
C. Calculation of Lattice and bipolar thermal conductivity
Owing to the intrinsic excitation, the contribution of bipolar effect to the contribution of thermal conductivity needs to be taken into account to explain the widely observed raising tail of thermal conductivity at high temperature for most thermoelectric materials. The total thermal conductivity is composed of three parts as following,
where the κ tot , κ lat , κ carr, and κ bipolar are the total, lattice, carrier, and bipolar thermal conductivity, respectively. The Lorenz number L is Fermi energy related parameter,
Here, the s is the scattering parameter based on the relaxation time approximation for the electronic transport. For acoustic phonon dominant scattering mechanism, s is -1/2. The reduced Fermi energy ξ f near room temperature could be estimated from the Seebeck coefficient on the basis of single band approximation formula Eq. (13S). The reduced Fermi energy ξ f (T) at the higher temperature is required to solve the generalized charge neutrality equations (Eq. (20S-22S)) at a given temperature
,
  
D. Calculation of band gap from the Fourier transform infrared spectrum
The Fourier transform infrared spectrums of selected samples were measured to derive the optical band gap. For near-normal incidence, the complex refractive index n(ω) and the extinction coefficient k(ω) with both the real and imaginary parts can be obtained from the Krameres-Kronig analysis as following,
where is the phase shift, which is,
The extinction coefficient k(ω) is used to calculate the frequency dependent absorption coefficient α(ω) through the relation,
Finally, the (αhν) 1/2 was plotted as a funcation of the energy hν, as shown in Fig. S7 . The across point of the dash line with hv axis was used to determine the band gap E. Connections among the components of B*
